Laboratory and field tests were conducted to evaluate the impact of the beneficial nematodes and two biopesticides when used alone or in combination against the greasy cut worm, Agrotis ipsilon (Hufn.) in infested strawberry field as a new approach of integrated pest management (IPM). Under laboratory conditions, larvae and pupae of A. ipsilon were highly susceptible to the two nematode species, Steinernema carpocapsal (Sc) and Heterorahabditis bacteriophora (Hb) when used separately and the percentage mortality increase with increase the dose of nematodes. The concentration of 100 IJs was more effective than 25 IJs for both of the two species of nematodes used. The two biopesticides: spinosad and proclaim were more effective than nematodes when used separately, spinosad was more significant effective than proclaim. Mixing of nematodes and both spinosad and proclaim increased efficacy and significance of mixtures under the laboratory and field conditions , while the effects of nematodes and biopesticides when used alone or mixed in the laboratory was higher than in the field.
INTRODUCTION
The continuous application of synthetic chemical insecticides resulted in numerous problematical situations including development of insect resistance, food hazards, ground water contamination and destruction of natural enemies. This disadvantage serves as a strong impetus for the development of alternative insect control measures. Particular attention, in recent years, has been focused on biological control agents; including certain entomopathogenic nematodes. These nematodes can be used as biological control agents to suppress a various number of economically important insect pests (Grewal et al., 2005 and Shapiro -Ilan, 2004) .
Entomopathogenic nematodes in the families Steinernematidae and Heterorhabditidae are soil inhabiting insect pathogens that possess potential as biological control agents (Kaya and Gaugler, 1993) .Most biocontrol agents require days or weeks to kill their hosts, yet nematodes, working with their symbiotic bacteria, kill insects in 24-48 hrs. The non-feeding infective juvenile stage (Ijs) seeks out insect hosts; when a host has been located, the nematode penetrates into the insect body, usually through natural body openings (mouth, anus and spiracles) or areas of thin cuticle. Nematodes kill their hosts by the aid of bacteria found in the nematode's alimentary canal. Once in the body cavity of the insect hosts, a symbiotic bacterium (Xenorhabdus for steinernematids and Badr El -Sabah A. Fetoh et al. 228
Photorhabdus for heterorhabditids) is released from the nematode, multiplies rapidly and causes rapid insect death (Adams and Nguyen, 2002 and Poinar, 1990) . The nematodes feed upon the bacteria and liquefying insect; and mature into adults. Steinernematids are less pathogenic without their symbiont (Ehlers et al., 1990) and heterorhabditids are not able to kill an insect without their symbiont (Han et al., 1990) .
Strawberry is one of the most popular rosaceous vegetable used as preferable fruit has a great value for local consumption and export. The greasy cut worm, Agroits ispsilon (Hufn.) is the most important pest on strawberry; larvae of all instars of the cutworm are found to be caused severe injury to strawberry plants. They are just below the surface of the ground beside the cut plants and eating of plants just above at or a short distance below the surface of the soil. Following their usual habit of injuring succulent stems. These caterpillars often cut off the petioles of the leaves of strawberry plants or the stems of the young fruits, also attack the green and full grown fruits from below, often hollowing it out leaving the shell of the berry. (Taha, 1984) .
Spinosad is a fermentation product produced by one or more chemical mutants of naturally occurring actinomycetes soil bacterium Saccharopolyspora spinosa (Boek et al., 1994) . Spinosad has been applied to over 200 different crops. Spinosad was described by (Sparks et al., 1996) as fermentation-derived molecules that contain a 12-membered macrocyclic lactone in a unique tetracyclic ring. Spinosad combines the best features of synthetic chemical insecticides and naturally derived biological insect control products. It has the efficacy, broad-spectrum activity against lepidopterous pests e.g. Ostrinia nubilalis, Helicoverpa zea, Trichoplusia ni, Plutella xylostella, Spodoptera spp., Heliothis spp and Pieris rapae. Also used for urban pest control e.g. Agrotis ipsilon. It is effective as bait for fruit flies Ceratitis spp. and Bactrocera spp. and some sucking lice and ants (Thompson et al., 2000) . Spinosad also has a very favorable safety profile towards mammals (Sparks et al., 1995) , reduced environmental risk and phytotoxicity (Harris and Maclean, 1999) and safety to beneficial insects Sparks et al., 1995) . In fact, the low toxicity of spinosad toward beneficial allows it to be incorporated into most (IPM) programs that heavily rely on predators and parasites (Bret et al., 1997) . Proclaim is a highly potent pesticide unique foliar insecticide that control lepidopteron pests (caterpillars and worm) in Cole crops, turnip greens in addition to leafy and fruiting vegetables. Proclaim effectively controls the larvae stages of many pests at low rates and increasing the crop's value.
Proclaim contains the active ingredient emamectin benzoate, a semi -synthetic second generation a vermectin pesticides. Avermectins are gained from a naturally occurring soil bacterium Streptomyces avermitilis. Proclaim can be applied by ground air or ground only, giving the growers the flexibility needed for effective integrated pest management (IPM) programs. (Jansson et al., 1997) . The present work was carried out to study the integration between the entomopathogenic nematodes and biopesticides when used alone or mixed on the greasy cut worm, Agrotis ipsilon (Hufn.) under laboratory and field conditions.
MATERIALS AND METHODS

Laboratory bioassays:
Infective third stage juveniles (IJs) of one Steinernematid nematode Steinernema Combined effect of nematodes and biopesticides to control the greasy cut worm 229 carpocapae (Sc) and one Heterorhabdit nematode Heterorhabditis bacteriphora (Hb) were used in this study. They were cultured on the last instar larvae of the wax moth, Galleria mellonella Dutky et al., (1964) under laboratory conditions. Larval instars and pupae of A. ipsilon were collected from infested field. The main goal of this bioassay was to study the efficiency of nematodes and biopesticides (spinosad "S" and proclaim "P") on the larval and pupal stages. The tested nematodes were suspended in distilled water to obtain the desired concentrations. Three concentrations of the nematodes Sc and Hb 25, 50 and 100 IJs /ml were tested. Twenty five individuals of 4 th larval instars and 2 days old pupae of A. ipsilon were treated in Petri dishes (one larva or pupa / dish furnished with filter paper, sprayed with 1 ml of different concentrations of a nematode suspension above it some strawberry leaves). This procedure is according to Fetoh and Azazy (2004) . Three replicates for each larval and pupal stage were performed for each tested concentrations. Mortality of the larvae and pupa were calculated after 48 hours. Groups of 10 dead larvae and pupae from each concentration were transferred to extracting dishes on white traps to collect nematodes existing from infested cut worm instars and this procedure carried out under laboratory conditions of 25 2°C and 65 2% R.H. Larval and pupal mortality were recorded daily and nematode development in cadavers of cut worm was ensured after seven days.
Biopesticides:
The two biopesticides spinosad and proclaim (5% E.C.) were tested in the present study. The same technique was repeated with the biopesticides with slight modification that strawberry leaves previously dipped at the desired concentration of 0.125 mg/L, for each other, recommended dose according to Agriculture Ministry (2007) and experiment replicated also three times.
Field application:
Field trials were carried out in strawberry field at El-kassasen region, Ismailia governorate during February, 2009, cultivated area was one feddan (1 feddan = 4200 m 2 ) using portable sprayer, two liters capacity. The spray was directed towards the ground around the stems of the strawberry plants in early morning. A. ipsilon larvae and pupae counts were taken from random samples of 50 plants (5 replicates x 10 plants) before spraying and 7 days after spraying with 2 liters of each nematode suspension (2000 IJs/ml) for each Sc and Hb, respectively, according to Fetoh and Azazy, (2004) and with 0.125 mg/L. for spinosad and proclaim, separately or mixture from (Sc + spinosad and Sc + proclaim) and mixture of (Hb + spinosad and Hb + proclaim). Control was treated with water only. Samples were taken from control and treated plots were counted before applications and one week after application. The percentage of reduction in A. ipsilon population in relation to the sprayed nematodes, spinosad and proclaim suspensions were calculated according to Henderson and Tiliton equation (1955) .
Statistical analysis:
The data presented in percentage values in this offered study were normalized using arcsine transformation. The significance of the main effects was determined by analysis of variance (ANOVA). The significance of various treatments was evaluated by Duncan's multiple range test (P < 0.05) SAS Institute, (1988).
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RESULTS AND DISCUSSION
1-Laboratory bioassay: a. Susceptibility of A. ipsilon to entomopathogenic nematodes:
The obtained results in Table ( 1) show that mean mortality by the EPN (Sc) and (Hb) have no significant difference among all the treatments (P < 0.05) although they numerically differences ranging from (70 -100%) and (50-100%) for larvae and pupae treated with Sc nematode, respectively, and ranging from (80-100%) and (70-100%) for larvae and pupae treated with Hb nematode, respectively (Figs. 1 and 2) . A positive relation was evident between percent mortality and nematode concentration. In other words, mortality was concentration dependant. Laboratory bioassay proved that the entomopathogenic nematodes (EPN) were highly virulent to A. ipsilon, the virulence of nematodes species differed greatly among associated symbiosis bacteria Dunphy and Webster, (1988) . Generally there are no significant differences among the tested concentrations (25, 50 and 100 IJs) on larvae and pupae. Hussein (2004) found that the Egyptian nematodes were as efficient as the imported ones and in some cases had higher efficacy in controlling S. littoralis and A. ipsilon. The pupae of the cutworm were less susceptible to nematode infections than larvae because of the reduced number of portal entry Kaya, (1984 ), Azazy, (2001 and El-Kholy (2004) . Ghally et al., (1992) found that pupae of Musca domestica were refractory to nematode infection, presumably owing to the effective protection afforded by the puparium. Data concerning with the effect of the recommended dose 0.125 mg/L of both tested biopesticides on the 4 th instar larvae of A. ipsilon illustrated in Fig.(3) . The percentage of dead larvae were 99 and 89% for spinosad and proclaim, respectively. Spinosad was high effective more than proclaim because its effect work on neural system while proclaim work with digestive system. Hill and Foster, (2003) . Wanner et al., (2000) reported that paralysis was the primary effect of spinosad, with mortality as a secondary result. Also, this percentage mortality may reflect that the two biopesticides were of toxic action higher than that of the nematodes alone. Percentage mortality among 4 th instar larvae of A. ipsilon due to the combined application of Sc and Hb nematodes and the two biopesticides at concentration (50Ijs + 0.125 mg/L) were 100% for all application (Fig. 3) . It showed an apparent increase in efficacy of the nematodes on the combination treatment.
The obtained data also reveal that there were high significant differences between the effect of the two nematodes alone at the same concentrations and the effect of nematodes + spinosad and nematodes + proclaim.
The present results are in agreement with Fetoh and Azzazy (2004) .
2-In the Field:
Percentage mortality of A. ipsilon due to application of Sc, Hb spinosad and proclaim alone or in combined are shown in (Fig. 4) . The obtained data reveal that there was significant difference of mortality between Sc and Hb nematodes, where Hb nematode had more insecticidal action than SC nematode. But there were significant differences of mortality between all treatments and Sc nematode application alone. The obtained data also reveal that the mixture of Sc nematode and spinosad and proclaim increased the mortality significantly than utilization of Sc alone. The percentage mortality of Sc alone was 70% and with combined of spinosad and proclaim were 83and 75%, respectively, indicating a considerable improvement in the efficacy of Sc nematode applied in combination with the two biopesticides over that of nematode alone. In case of Hb nematode percentage mortality increased significantly when combined with spinosad (92%), on the other hand, the percentage mortality due to the combined application of Hb and proclaim, remained without change (80%). It was also noticed that the combined application showed no effect in this treatment. Koppenhoffer and Kaya, (1997) and Koppenhoffer et al., (1999) reported that some pesticides act synergistically or additively with Entomopathogenic nematodes and therefore improve nematodes efficacy in inundative applications such as B. thuringiensis. 
